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ABSTRACT

This study was conducted to suggest the optimal periods for planting and felling Larix kaempferi tree by monitoring its cambial
activity period. In addition, the heat summation to induce the cambial activity of Larix kaempferi was investigated. The study sites
were at Mt. Worak and Mt. Midong. After selecting 5 trees at Mt. Worak and Mt. Midong, the cambium samples were collected
using a mini trephor with 2 mm diameter from April 7 to October 6, 2017 at Mt. Worak, and from April 7 to September 29,
2017 at Mt. Midong. After the collected cambium samples were embedded in PEG2000, transverse thin sections with a thickness
of 10 to 15 um were prepared using a microtome. One Larix kaempferi sample from each site, Mt. Worak and Mt. Midong, in
which the accurate monitoring of cambial activity was impossible due to the formation of traumatic resin canal, was excluded from
the study. The observation of the initiation date of cambial activity under a light microscopy revealed that 2 specimens from Mt.
Worak and 3 from Mt. Midong showed the initiation on April 28. The remaining 2 specimens of Mt. Worak and 1 specimen of
Mt. Midong were initiated on May 4, which was a week later than the others. The heat summation that induced the initiation of
cambial activity was 196.4 - 271.8 at Mt. Worak and 204.7 - 277.3 at Mt. Midong, which was similar. The termination of cambial
activity occurred between August 4 and 25 at Mt. Worak, and between August 4 and September 1 at Mt. Midong. Based on the
above results, it was found that the optimal planting period for Larix kaempferi in Mt. Worak and Mt. Midong was before April,
about a month before the cambium activity, and the felling period was from October when the cambial activity was completely
terminated.
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1. INTRODUCTION troduced to Korea in 1904 for reforestation and wood

utilization (National Institute of Forest Science, 2019).

Larix kaempferi (Lamb.) Carriere was first in- However, the domestic forests were greatly damaged
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during the Japanese colonial period and the Korean
War and have been devastated significantly due to the
abusive logging and frequent disasters. The first
10-year forest reforestation plan was established in
1973 for the reforestation of destroyed forests (Korea
Forest Service, 2013). Since 1975, afforestation has
been carried out to secure a supply of fuel for forestry
in rural areas and to restore devastated mountain areas,
by designating March 21 —April 20 every year as the
national planting period (National Archives of Korea,
1974). Efforts have also been made to protect forests
by strongly controlling illegal logging. The 10-year
forest reforestation plan, which initially had been plan-
ned until 1983, was successfully achieved in 1978 at
the reforestation of 108 ha, which was more than the
reforestation goal of 100 ha, four years earlier than
the plan. At that time, the government planted fast
growing trees: Populus tomentiglandulosa and Populus
euramericana, and trees for wood use: Pinus koraiensis,
Cryptomeria japonica, Chamaecyparis obtusa, and
Larix kaempferi, etc. (Korea Forest Service, 2013).
Larix kaempferi is still recommended as a planting
species for economic forestry and it is a species plant-
ed nationwide except for the southern coastal region
(National Institute of Forest Science, 2019). According
to a 2020 survey, the area of Larix kaempferi trees
planted in Korea by 2019 was 4,559 ha, which is the
second most planted species following cypress (4.952
ha) (Korea Forest Service, 2020).

Larix kaempferi has a high value as a commercial
purpose and is the second largest supply following
pine tree. It has excellent water resistance and dura-
bility, and the price of lumber is relatively cheap, so
it is widely used for building materials, ships, raw
wood, plywood agricultural tools, pulp, and pellets
(Kim et al., 2015; Lee et al., 2018; National Institute
of Forest Science, 2019). In the case of pellets, Larix
kaempferi is also a representative tree species that can

be continuously supplied if it is used as a raw material

for them (Kang et al., 2018; Yang et al., 2018a, 2018b).
Recently, studies related to drying, heat treatment, and
bending performance, etc. have been reported to in-
crease the utilization of Larix kaempferi wood as a
building material (Kim ez al., 2018; Park et al., 2018;
Lee, 2020; Park et al., 2020).

The suitable planting period for Larix kaempferi
recommended by Korea Forest Service is between
March 11 and April 30 in considering physiological
characteristics and seasonal conditions (Korea Forest
Service, 2000). This is because the condition right be-
fore the bud as the frozen ground during the winter
melts is a suitable condition for planting. On the other
hand, the recommended optimal felling period is from
November in the current year to February in the fol-
lowing year when the growth stops. This is because,
if felling is carried out in spring or summer when the
moisture content in the wood is high, it is easily dam-
aged by fungi or pests, so that the value of the wood
decreases and drying occurs easily (Viitanen, 1997,
Rydell et al., 2005; Brischke and Rapp, 2008). After
all, the growth period of trees provides important basic
data for determining the planting and felling time. The ini-
tiation and termination of radial growth of trees are de-
termined by cambial activity, and the timing varies de-
pending on the tree species and growing region
(Deslauriers et al., 2003; Gricar et al., 2005; Rossi et
al., 2006; Seo et al., 2007; Liang et al., 2009; Oberhuber
and Gruber, 2010; Rathgeber et al., 2011; Seo et al.,
2011). For this reason, many studies on monitoring of
the period of cambial activity, which is important data
to decide the timing of reforestation and felling, by
tree species and region were fulfilled, however, the
study on the domestic studies is not sufficint (Park and
Seo, 2000; Kwon and Kim, 2005; Park et al., 2015;
Seo et al., 2017). The study on the cambial activity
of Larix kaempferi, which is a major planted species
in Korea, has been published only one time so far
(Park and Seo, 2000).
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The radial growth of trees occurs when secondary
xylem and secondary phloem are formed by pro-
liferation of cambial initial cells, xylem mother cells,
and phloem mother cells constituting the cambial zone
(hereafter, cambium) (Bhat et al., 2001; Plomion et
al., 2001; Wodzicki, 2001). Secondary xylem is
formed through the enlargement, thickness, and lig-
nification processes of the cells divided from cambial
initial cells and xylem mother cells (Wilson, 1970;
Denne and Dodd, 1981; Malik, 2020). The timing of
precipitation is an important factor influencing the ini-
tiation and termination of cambial activity in tropical
or subtropical regions with distinct dry and raining
seasons, (Bullock, 1997; Borchert, 1999; Dié et al.,
2012), but the temperature is known as an important
factor inducing the initiation of cambial activity in the
temperate and cold regions with four distinct seasons
(Deslauriers et al., 2008; Gricar et al., 2007; Rossi et
al., 2006; Seo et al., 2007; Thibeault-martel et al.,
2008). In some studies, the effect of temperature on
the initiation of cambial activity was investigated us-
ing the heat summation (degree-days or heat sum)
rather than the daily temperature condition (Sarvas,
1972; Seo et al., 2008; Seo et al., 2017).

Domestically, the systemic research on the monitoring
of cambial activity was started with Larix kaempferi,
Pinus rigida, Pinus densiflora in the Mt. Worak in
Chungcheongbuk-do (Park and Seo, 2000). After that,
the monitoring results of cambial activity for Pinus
densiflora, Pinus koraiensis, Quercus mongolica,
Robinia pseudoacacia, Cornus controversa, and Prunus
sargentii in Chuncheon area were compared each other,
depending on tree species (Kwon and Kim, 2005). The
cambial activity of Pinus koraiensis and Chamaecyparis
pisifera in Mt. Worak was analyzed as well (Seo et
al., 2017). A comparative study on the period of cam-
bial activity depending on regions was also conducted
using Pinus densiflora in Anmyeon-do, Taean-gun, and
Sogwang-ri, Uljin-gun (Park et al., 2015). Recently,

the cambial activity of the major conifers (4bies kore-
ana, Pinus koraiensis, Taxus cuspidata, and Picea jez-
oensis) distributed in the sub-alpine zone of Deogyusan
National Park was monitored and the results were com-
pared based on the tree species (Park et al., 2021).
However, studies on the same species in different re-
gions on the cambial activity have been insufficiently
compared.

The present study was conducted to monitor the
cambial activity of Larix kaempferi growing in different
regions in Chungcheongbuk-do (hereafter Chungbuk)
to establish basic data necessary to determine the optimal
planting and felling period for each region. Also, the
relationship between temperature and the initiation of
cambial activity was investigated to elucidate how the
predicted temperature change in the future can affect

the change in the growth initiation of Larix kaempferi.

2. MATERIALS and METHODS

2.1. Research site and tree species

Larix kaempferi forest units planted in Chungbuk
National University Academic Forest (128°05" 50”
E, 36°50" 12" N) (Mt. Worak; hereafter WRLK)

Table 1. Descriptions of experimental trees (Larix
kaempferi)

Site Sample ID Dia?;;:t a(tcnb:)ea“ H:f)ht
WRLK 01 29.0 21
WRLK 02 34.9 23
Mt. Worak WRLK 03 292 20
WRLK 04 37.0 24
WRLK 05 46.8 24
MDLK 01 43.0 21
MDLK 02 41.0 21
Mt. Midong MDLK 03 44.0 23
MDLK 04 44.0 21
MDLK 05 36.5 21
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Deoksan-myeon, Jecheon-si, Chungcheongbuk-do, and
Chungcheongbuk-do Forest Environment Research
Institute (178°40° 21" E, 36°37" 34" N) (Mt. Midong;
hereafter MDLK) located in Miwon-myeon, Cheongju-si,
Chungcheongbuk-do were selected as research sites
(Table 1).

According to the meteorological data from the
Jecheon meteorological station closest to the Mt. Worak
research site, the average annual temperature for the
last 45 years (1973 -2017) was 10.2°C, and the annual
precipitation was 1335.2 mm (Fig. 1). The temper-
atures of the coldest month (January) and the warmest
month (August) were -5.2°C and 23.8°C, respectively.

The meteorological data from Boeun Meteorological
Center closest to the Mt. Midong research site reported
that the average annual temperature for the last 45
years (1973 —-2017) was 10.9°C, and the annual pre-
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cipitation was 1276.2 mm (Fig. 2). Similar to data
from the Jecheon meteorological station, the coldest
month and the warmest month were January (-3.5°C)
and August (24.1°C), respectively. The precipitation
was the lowest in January with 25.1 mm and the high-
est in July with 308.9 mm.

Five dominant tree in Larix kaempferi stand at each
research site were selected for cambium monitoring.
The method, generally used in the cambium monitor-
ing research, was applied to this study (Rossi et al.,
2006; Gruber et al., 2009; Park et al., 2021). The aver-
age diameter at breast height of the Larix kaempferi
at Mt. Worak was 35.2 (£7.3) cm, which was smaller
than the average diameter at Mt. Midong, but the aver-
age tree height at Mt. Worak was 22.4 (+1.8) m,
slightly higher than the average tree height of 21.4
(#0.9) m at Mt. Midong (Table 1).
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Fig. 1. Comparisons of monthly mean temperature and precipitation for 45 years (1973 —-2017) measured at
the Jecheon meteorological station (bars) with the monthly mean temperature and precipitation in 2017 (lines).
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Fig. 2. Comparisons of monthly mean temperature and precipitation for 45 years (1973 —2017) measured at
the Boeun meteorological station (bars) with the monthly mean temperature and precipitation in 2017 (lines).
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2.2. Heat summation

Heat summation was utilized to analyze the role of
temperature in inducing the initiation of cambial
activity. The heat summation was calculated by accu-
mulating the temperature on days when the average
daily temperature was higher than or equal to 5°C,
which tree growth is possible, as shown below
(Sarvas, 1972; Seo et al., 2008; Seo et al., 2017). In
the case of Mt. Worak, there was no available data
on the temperature measured at the research site, so
data from the Jecheon meteorological site were used,
and for Mt. Midong, temperature data measured on
site (HOBO) were used.

d.d.= EE(Tuiyy)i

Tpirs = {Ti —5forT; >5
if 0  otherwise

Where d.d is cumulated value of 7),,,, T, is
the difference between the average temperature of the
ith Julian day and +5°C, 7 is the Julian day on which
the average daily temperature first became to be high-
er than +5°C and lasted for 5 days or more in that

condition.

2.3. Sample preparation and observation
under a light microscopy

2.3.1. Sample collection

Samples were collected using a mini trephor with

Fig. 3. Micro-sampling (A) using a trephor (B) repeated
two-times in weekly intervals.

1.9 mm diameter, so that the cambium and at least
two recent tree rings of the secondary xylem were included
(Fig. 3(A), 3(B)). Sample collection was started on
April 7, 2017, at Mt. Worak and Mt. Midong, and the
cambium samples was collected at weekly intervals until
the day that collection ended. The last sampling dates
were October 6 at Mt. Worak, and September 29 at
Mt. Midong. The collected samples were stored in distilled
water at the same time as they were extracted from the
trees, and refrigerated until embedding to prevent dry-

ing of the samples.

2.3.2. Embedding and preparing transverse
thin section

The transverse thin sections of the small specimen
of cambium were prepared to observe the chronological
cambial activities and the secondary xylem development
by the season. Before embedding, the cross-sections
of the small specimens were labeled with a pencil to
facilitate the observation of the cross-section (Fig.

4(A)). Then, after the cambium small specimens were

A B

Fig. 4. The embedding process. A: marking on the cross
section of micro-core with a pencil, B: the micro-core
put in 25% polyethylene glycol solution, C: beaker
placed in thermo-hygrostat set to 60°C for 2 or 3 days
and D: embedding the micro-core in pure PEG2000.
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immersed in a mixture of distilled water and poly-
ethylene glycol (PEG2000) at 1:3 ratio (Fig. 4(B)),
they were placed in a thermo-hygrostat (OF-12G,
Jeiotech, Korea) set at 60°C for 2 to 3 days, so that
PEG2000 slowly penetrated into the cell lumen of the
small specimen as distilled water evaporated (Fig.
4(C)). The small specimens of cambium prepared as
above procedures were fixed in the embedding frame
using 100% PEG2000 (Fig. 4(D)). When fixing, the
small specimen pieces were placed for their cross-sec-
tion to be oriented vertically.

The thin slices of the embedded samples were pre-
pared using a sliding microtome (H/I sliding micro-
tome, Hacker, U.S.A) with a thickness of 10—15 ym
(Fig. 5(A)). The thin sections were stained with a mix-
ture of safranine (1%) and astra blue (0.5%) for about

Fig. 5. Cutting a cambial sample using a sliding microtome
(A) and transverse thin sections of cambium (B).

1 minute to help the observation of the cambium and
the secondary xylem development. Safranine stains all
xylem cell walls in red, while astra blue stains the xy-
lem cell wall without lignin deposition in blue, which
helps to observe the degree of cell development
(Gértner and Schweingruber, 2013). The stained sec-
tions were washed and sealed with cover glasses using
glycerin (Fig. 5(B)).

2.3.3. Observation of the cambium and the
secondary xylem cells

An optical microscope (Eclipse 80i, Nikon, Japan)
connected with a camera (Nikon, TH/D5500 15-55VR
I KIT) was used to observe the wood cells. In this
study, the initiation period for cambial activity was defined
as when the enlargement of the secondary xylem cells
(Xg in Fig. 6(A)) divided from cambial zone (CZ in
Fig. 6) is exhibited. The termination of cambial activ-
ity was defined as when no further secondary xylem

cell division occurred in the cambium (Fig. 6(C)).

3. RESULTS and DISCUSSION

Accurate monitoring of cambial activity was impos-
sible in one specimen of Larix kaempferi from each
site, Mt. Worak (WRLKO5) and Mt. Midong (MDLKO05),

Fig. 6. Transverse thin sections. A: The beginning of cell division in the cambial zone on the 28" of April,
B: cell development on the 2" of June, C: the cessation of the cell division on the 3% of July in 2017 (Ph:
phloem, CZ: cambial zone, Xg: xylem cells at the enlargement, Xt: xylem cells at the cell wall thickness, X5gi6:

xylem cells formed in 2016 and MC: mature cells).
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because a traumatic resin canal was observed. For this
reason, each of the 4 specimens in which the normal
cambial activity and the secondary xylem cell devel-
opment process were confirmed, was used in the fur-

ther analysis of the results.

3.1. The initiation of cambial activity and
accumulated temperature

Two out of four specimens of Larix kaempferi from
Mt. Worak (WRLK 02 and WRLK 03) and 3 out of
4 specimens from Mt. Midong (MDLK 02, MDLK 03,
and MDLK 04) showed the initiation of cambial activ-
ity on April 28", The remaining 2 Larix kaempferi
samples from Mt. Worak (WRLK 01, WRLK 04) and
the remaining 1 sample from Mt. Midong (MDLK 01)

showed the initiation on May 4, a week later than the

Mt. Worak

d.d.

Mar

others. Therefore, it was observed that the cambial ac-
tivity of Larix kaempferi at Mt. Worak and Mt.
Midong started between late April — early May (Fig. 7).
Accumulated temperature till April 28 at Mt. Worak
and Mt. Midong was 196.4 and 204.7, respectively,
and heat summation till May 4 was 271.8 and 277.3,
respectively, showing no significant difference (Fig. 7).

According to the previous monitoring results of
cambial activity surveyed at Mt. Worak, the initiation
of cambial activity of Larix kaempferi, Pinus densi-
flora, and Pinus rigida was confirmed to be in mid
April, late April, and early May, respectively (Park
and Seo, 2000), and that of Pinus koraiensis and
Chamaecyparis pisifera was confirmed to be in mid
April, and late April (Seo et al., 2017). It was con-
firmed that the initiation period of Larix kaempferi de-

termined by the current study was similar to Pinus

Mt. Midong

277.3
2047

28th

27
Mar

0 0
Apr

30
May

10

Fig. 7. Degree-days (d.d.) of Larix kaempferi at Mt. Worak (left) and Mt. Midong (right) to induce the cambial activity.

Apr. May Jun. Jul. Aug. Sep.
21 28 4 18 26 8 23 30 7 14 24 4 11 14 18 21 25 1 8 15
WRLK 01 2 3 i B
WRLK 02 ¢ O B
WRLK 03 ¢ i B
WRLK 04 ‘ 1 B
MDLK 01 ‘ il B
MDLK 02 ¢ i B
MDLK 03 ¢ ] B
MDLK 04 ¢ [ B

Fig. 8. Durations of wood formation by cambial activity for WRLK (Larix kaempferi at Mt. Worak) and MDLK
(Larix kaempferi at Mt. Midong). (#: beginning of cambial activity O: beginning of latewood formation

m: end of cambial activity).
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densiflora, Pinus rigida, and Chamaecyparis pisifera,
and later than the results for Larix kaempferi and
Pinus koraiensis in the previous study. Because the
climate is different each year, the comparison of the
dates of cambial activity initiation investigated in dif-
ferent years does not reflect the climatic conditions of
the current year. However, because an important influ-
encing factor to induce the initiation of cambial activ-
ity is the temperature (Deslauriers et al., 2008; Gricar
et al., 2007; Rossi et al., 2006; Seo et al., 2007,
Thibeault-martel et al., 2008), the utilization of accu-
mulated temperature could allow for the comparison
with other species in the same area. Among the studies
conducted at Mt. Worak, there have been cases in
which the accumulated temperature was applied to the
investigation of the initiation of cambial activity in
Pinus koraiensis and Chamaecyparis pisifera (Seo et
al., 2017). According to this study, the initiation of
cambial activity of Pinus koraiensis and Chamaecyparis
pisifera was possible when the accumulated temper-
ature was 134 and 200, respectively. The initiation of
cambial activity of Larix kaempferi of Mt. Worak de-
termined in this study was confirmed to be possible
when the accumulated temperature was 196.4, which
is similar to that of Chamaecyparis pisifera. In the
case of Larix kaempferi at Mt. Midong, there was no
study conducted in the same area, so comparative
analysis was not possible. However, since the results
were confirmed to be similar to those of Larix kaemp-
feri at Mt. Worak, it is expected that the confirmed
results can be applied in the same way.

Unlike Mt. Midong, the weather station used to cal-
culate the accumulated temperature of Mt. Worak is
about 30 km away from the site, and a slight difference
from the temperature of the site should be expected.
Temperature measurements for accurate calculation of
accumulated temperature in Mt. Worak area should be

considered in future research.

3.2. Initiation and termination period of
cambial activity

The termination of cambial activity for Larix kaempferi
at Mt. Worak was started on August 4 (WRLK 01 and
WRLK 03) and observed on August 18 (WRLK 04)
and 25 (WRLK 02) (Fig. 8). The termination of cambial
activity was confirmed on August 4 (MDLK 04) for
Larix kaempferi at Mt. Midong as well, but unlike Mt.
Worak, the cambial activity was terminated one by one
at weekly intervals, and it was confirmed that the cambium
activity was completely terminated by September 1
(MDLK 01). Therefore, the termination period of cambial
activity was found to be somewhat later in Larix
kaempferi at Mt. Midong compared to Mt. Worak. As
a result of calculating the difference between results
in this study and previous investigation on the initiation
period of cambial activity, the cambium activity period
of the Larix kaempferi of Mt. Worak was 104.75 days
(93—120 days), which was 5 days shorter than 111.25
days (99—121 days) of Larix kaempferi of Mt. Midong.

The terminations of cambial activity of Pinus kor-
aiensis and Chamaecyparis pisifera at Mt. Worak oc-
curred from September 15 to 22 and from August 18
to September 22, respectively (Seo et al., 2017). This
is 2 weeks later for Chamaecyparis pisifera and 6 weeks
later for Pinus koraiensis than on August 4, which was
confirmed as the earliest day of the termination of cam-
bial activity in the present study. For the period of cam-
bial activity, that of Larix kaempferi was confirmed as
more then 40 days shorter than Pinus koraiensis (157
days) and Chamaecyparis pisifera (145-147 days) (Seo
et al,. 2017). Thus, the cambial activity period for Larix
kaempferi was significantly shorter than those of Pinus
koraiensis and Chamaecyparis pisifera, and the main
reason was considered that its termination of cambial
activity occurred earlier than other species. This was
investigated to be similar to Mt. Midong, which is about
50km away from Mt. Worak.
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3.3. Planting and felling period for
Larix kaempferi

It was reported that the optimal planting time taking
into account of the physiological activity of trees is
just before the bud break (Korea Forest Service, 2000,
2013). According to a previous study on Pinus sylvestris,
its cambial activity was found to occur 2—5 weeks
after the bud break (Seo et al., 2011). If the time of
the bud break for Larix kaempferi at Mt. Worak and
Mt. Midong would be estimated based on the results
of this previous study, it can be predicted to be after
late March to mid April, about 2 —5 weeks earlier than
April 28, when its cambial activity was confirmed.
Therefore, it was considered that the appropriate time
for planting Larix kaempferi trees in the Chungbuk
area, where this study sites are located, would be from
March 11, following the recommendations of the Korea
Forest Service. However, no later than end of March
is desirable, when the earliest tree activity is expected.

Generally, the recommended optimal period for fell-
ing is from November in the current year to February
in the following year when the growth stops.
(Viitanen, 1997; Rydell et al., 2005; Brischke and
Rapp, 2008). It is to minimize the moisture content
in trees and damage from fungi or pests after felling,
and to increase the efficiency of drying. In considering
the cambial activity period of domestic conifers inves-
tigated so far, it was confirmed that the already known
felling period was well applied to conifers. However,
unlike other conifers, Larix kaempferi in Mt. Worak
and Mt. Midong areas were found to complete all cam-
bial activity in early September, so it was reasoned that

the optimal period for felling is from October.

4, CONCLUSION

It was confirmed that the cambial activity of Larix
kaempferi planted in Mt. Worak and Mt. Midong start-

ed from late April to early May, and the termination
of cambial activity started in early August and ended
in early September. Based on these results, it is desir-
able to complete the planting of Larix kaempferi in
the Chungbuk region before April, and it was consid-
ered that possible felling period is from October to
the resting period of the following year. Through this
study, the heat summation affecting the initiation of
the cambial activity of Larix kaempferi in Mt. Worak
and Mt. Midong was suggested, but further long term
monitoring would be necessary to obtain more reliable
results. Especially, an additional study will be required
to find the reason that the significantly earlier termi-
nation of cambial activity in Larix kaempferi than that
in other conifers (Pinus koraiensis and Chamaecyparis
pisifera) confirmed in Mt. Worak is from the charac-
teristics of the species or the from the climate

conditions.
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APPENDIX

(Korean Version)

kile

ofy
o

&5 717 49 dEAZUR A 94X Fy] 34
28 2 dTE e 20 2U4E ARYIUR F4F BE A71S ZUH stol AU A 2 8AA72
A7) $I) SEgch. TR 2 A ARAZUR] PHF BES FEsHs AALEE Wl 2ASIGL AFAE
FHEEe] $IAT Yohah nlAtelch YoM wE AR YRR SEAE AT T, Yool A 20174 42
78 ~ 109 6%, VAR A 20174 49 79 ~ 9% 2090744] 47 2 mm v]U] AAH(trephonE BAF A5E A5,
A B4F MRS PEG20000] gAY 3 3, volARES o]gate] £ 10~15 i Wl AAS SHATk. ASAELTE
o R Rekt BAE B BUE o] BrHsT oM AHATUR 183 v B4 QR 1Ee dATelA Aofste
oh WA OR Yobiku) nlEA ARG FAF AN A WA Ak 49 280 UoHaolA] 28, u]F A
380] FHAIBHIch LAl Uobik 28t nlAl 1EE 2150 Fol 59 42e] NS BAF BE WIS G Hake
S Yopike] A9 1964-27180]9100, WEAL 204727732 SAKACE GAF BE FRb YoMt 89 4% ~ 89
259, WEAF 8 49 ~ 99 1ol gich. o)4re] AuE ZAR Yok} nlEae] Ae ARABUE A A7 YHF
% oF o & A9 49 oldolnl, WA A71E BHE Dol s FrEE 109RE R SelE

[\

1. ME

QEAN DU Larix kaempferi (Lamb.) Carriére)= 4H 53} B HAjo]8-5 £ 02 19043 elufeto] H50=2 =YES
THNational Institute of Forest Science, 2019). 3}A|7 YA 7479} St AAS Zon U AHLL 37 s on, iz
HIHE AR el - StejsiFct. Fujgt Ad=3tE $lal 19739 Allx} 2)4ks3t 1070 A1 8-S 4=H 8kt (Korea Forest
Service, 2013). 1975 W5 v 39 212004 49 2097k4] F0l A% 7170 2 Astol 20| YA T34 Hrs)
oA BLE o8] 228 AIsickNational Archives of Korea, 1974). Tt Seh A2 7Feiabd) SA1sto] Al 5o
T Tk G 1983W7EA] Aol Q| 1070d A4kt A8l 4 GEgAX 1978dof 23 H3#3] 100 hakt} o @
108 hao] A5 5HE ABSISIT A A3 445l S4RAA, olefelE B Teln SARoR Sk, AR,
Q19 ZHIRE AJ4f5}5irHKorea Forest Service, 2013). AR 427 AAY 2L 93 2PrE0 R AYH
3 Qlom, TR oA A9t A ZhR|of] AAE|1 Q)= 4=Fo|tK(National Institute of Forest Science, 2019). 20201 of|
ZARE Hlof| W29 201970 ol 28 YEYAUTY] HALS 4,559 ha® Hl(4.952 ha) Tha-2 2 7P o] 2HELL
Q= ~Fo|ti(Korea Forest Service, 2020).

ARAZUTL GALEO A 7H7h BT, AR 002 FEo] B SFolth Bk Aol Holutn
AAE 7ol vl Agste] ASA, Aut, As, T w4 S8, 2, H510F Wo| ARGE L YrHKim ef al., 2015;
Lee et al., 2018; National Institute of Forest Science, 2019). o] 7 AEJAZNIRE g g ARSI x]&2] 0] FFo|
7Fsdt t#pFo)7|= Stei(Kang ef al., 2018; Yang ef al., 2018a, 2018b). Z|Zoll= A&EAHZAN A2AZUT 0852
o|7] Ysto] A%, A, F A% S AHE AF1So] HRE T JriKim et al., 2018; Park ef al., 2018; Lee, 2020,
Park et al., 2020)

Aol AESIAL Qe RO AA A7) Aol BT A 205 deste] 39 11YRH 44 30971x0lch
(Korea Forest Service, 2000). A9 52 o] EeHA, 52 wo] E7] 219 A7t Aol A3t 2210]7] wjzolch
SHH, A= Aol FAE 114 o] $HE o|Fd 29 A7|& ARt vk 45 o 589 o]Fo] Wi, FujiAol
FRAT = B 50 HAE s HH B Wl Sesol wot Holu dieY HaiE A ol 5A9 74A]7F HolA 1L
Az7} 44 W=7 mjEo]ch(Viitanen, 1997; Rydell ef al., 2005; Brischke and Rapp, 2008). 2, $29] 47 7]7kS
A gAY X71E Aol Hl F83 7R Eok 25 AR A FRe B4 Sl Yl AREH, 5
A A dof wgba 1 Al7]7} th2tH(Deslauriers et al., 2003; Gricar et al., 2005; Rossi et al., 2006; Seo et al., 2007;
Liang et al., 2009; Oberhuber and Gruber, 2010; Rathgeber et al., 2011; Seo et al., 2011). ©]&3t o] &2 $F1} 2| Fo

fu
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02 AT D5 A7IE Toske A2 28 2 HAATZE A8t F83 ARYE skl Sl B At
235 Aolti(Park and Seo, 2000; Kwon and Kim, 2005; Park et al., 2015; Seo et al., 2017). £3], = F8 =Y
£52 dEAZR] A3 A= AA7HA dHH dRE QT (Park and Seo, 2000).

S50 QAL FRFUOI FADE THIT d AUAE, BRRAZ, AREAZ] Blo] ola) 27} B

22} AFRL7F S o) A H A] o] 2 0] A tBhat ef al., 2001; Plomion ef al., 2001; Wodzicki, 2001). 22} X = A A2} BH
Ao A A= A7t g, v, 2235} 114-S A A4 YA EthWilson, 1970; Denne and Dodd, 1981; Malik, 2020). A7|2}
717k F5lg G Tz otdd) A QoA A= HA X717 3T S5 MY TR F83 FF AR o] A vHBullock,
1997; Borchert, 1999; Di¢ et al., 2012), 44H0] £33t 20 9 3t A|GolA= 227t A4S D5 HAE st
=9 oAZ & A QlthDeslauriers et al., 2008; Gricar et al., 2007; Rossi et al., 2006; Seo et al., 2007; Thibeault-martel
et al., 2008). AH o= 4 &2 KU} ZARS = (degree-days or heat sum)2h= 4% & &8dlo] L7}
FAZ &% Ao uR= FS ZASFITHSarvas, 1972; Seo et al., 2008; Seo et al., 2017).

SHlA AT S5 BUE Bet AL A= F5 G R ADVT Larix leptolepis: Larix kaempferi |'g),
7 AU Pinus rigida), 22U-5(Pinus densiflora)s AT 2 A|ZHE| I th(Park and Seo, 2000). ©0]3- Fof w2 FAS
5 A7| v aE Yl 2HRAYS AUTH Pinus densiflora), ZX Y5 (Pinus koraiensis), AU Quercus mongolica), 7ML
TH(Robinia pseudoacacia), %5 5(Cornus controversa), AP U Prunus sargentii) 3% ZUE Y 217} AAS v 0LE Q)
© m(Kwon and Kim, 2005), QAF AUE(Pinus koraiensis)@}y SP(Chamaecyparis pisifera) 33% ZUEY A= AE
L EAE|SITK(Seo ef al., 2017). Aol w2 F45 S5 A7) Hlal A7 Beht QPHE SXF e AVE(Pinus
densiflorays 322 ZAFE| QT Park ef al., 2015). 2ol YAl E3d ofatattiol Rasial Qe 8 A4 Y
TH(Abies koreana), Z3rNF(Pinus koraiensis), T2 Taxus cuspidata), 7V=8| U5 (Picea jezoensis)? 4% 52 ZYUEHH}
% 43 7t Aol g st tHPark ef al., 2021). FY A G4 of] £FE tFCE g Aol HIste] TE A Ho|
TY 55 o R 4T S5 vl 43 Ate BEste] dE At &tEA Stk
e SHEE(CIS $5) W & Ao 85 F9 QWD (Larix kaempferi)?] /3% S5 BUE RS}
2okt A 2 A A7) AR eI 7| 2ARE vhEshy] s S E A B3 - S Ee 2% Hat
ZIE A5 WA Bigte] ojudl ke A Hol7] fla 229 F45 L5 /HAI HAE A Ak

¥ 2

e 1r

e, N,
fe 12

HO 2
=)
rlu

2, M=z 3 diy

2.1 A4 N o =F AA

F5 AEA] Gl 1A Fefat o] FETsha 3 (128°05'50°E, 36°50'12°N)(o]8t YoMk, WRLK)# 55 A+
A ol el 913 SR = AR Aax(178°40 21 E, 36°3734'N)(0]3} Hlg4k MDLK)OIA A A&l ZuhT o
& AFAR AASFTTable 1).

Yot ARt 7 AR A S54 7P AR = H2 45d(1973-20174) 7F A%et7]22 10.2°ColH, A7
2 1335.2 mmo| Qth(Fig. 1) 22HaQl 193} el 8€e) £ 747f -5.2°C9} 23.8°Coljlen, Fafo] 7HE 4|
99 183 7P W 29l 749 A2 44 23.1 mme} 350.5 mmo| 3tk

P

o 4

]

o)A AR} 7P QIS B2 S5 A4 SAeh HT 45W(1973-2017W)7F 7|22 10.9°Co]lom, A7
1276.2 mmo| $thFig. 2). AAESTA 2Ahmel v/ A 2 2ehdy} HddS 7+ 19(-3.5°0) 1 8¥€(24.1°0)0 L), 7=
199 25.1 mmZ 7P A{len, 749 308.9 mmZ 7} Wkt

PAT HYEP S Aol 7+ AY 2R AEo)A SAES dio R SRS Adsiqitt JA4S HYET Al
558 3ke st Hho] dulR o AT 1 9lo] o] e B Lo ALt THRossi ef al., 2006; Gruber et al., 2009;
Park er al., 2021). oAt Y2 UZAUFY ot FLAAL 352(H73) cm Q& u)F4t 27U H FA7<
417(3.2) em=eh ZQFOLE, W ST 22.4(+1.8) mE W[EAF QAR ZHIE Y Hip S0l 21.4(+0.9) mETH AZ ZTH
(Table 1).

rlo rlo

ko RS Sfstel AALES BEIAYT} AALEL UHRI] 20| SR
ot 2] A3} ZHo] F2|3to] AAbslth(Sarvas, 1972; Seo et al., 2008; Seo et al., 2017).
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YoHe] 39 ATAE YYORE ZHE 28 ART gol AW HF4) 4RE BN, 1By
(HOBO): 71& A58 Bgsteirh

rlo
et

Aol A

Al
oxl

365
dd= Y (Tpy)i

i=j
e {7’1—5forTl>5
viff 0 otherwise

A7 ddz T O A3 Ty 'HJZ‘H ST U Bt +5°C Ao, s Y720 AGO R +5°C o
5Y ol A&E 73kl AFEE &2l 9

2.3, A& £4] 9 |y B

23.1. A= AFH

A7 1.9 mm WU gA(trephonE o]-§-5te] FAZT} 22 HH6] 2T dole|7t F 7 o) 23 HEE *lﬁg skt
(Fig. 3(A), 3(B)). A& A MAl= Lo} 54 BE 20174 49 700, 227 Y5 71402 P42 AHS
AAJskglet. dotatolA o] Alm A3 FRU-L 109 6o, u]5Ake 99 29| qiek. FAoll A AHE A& 4 AzE WAst
7] 93l =3 FAlO SRl gob Bstglon, Y M7k YARTE stk

232. WS (embedding) 2 uhE At

Aol mtE FAS 9 23 B7 Al U D5 HES Yl 45 A HH(cross-section)& A O WS
At dHlE A 2AIHHO ek o] folstes A g2 ®A5thFig. 4(A)). 2oz
S5} polyethylene glycol (PEG2000)& 1:3 Hl&2 E33t o] JAT XS A A7l $(Fig. 4(B)), TF57
ZHE A PEG20000] A HO AEEU7to] HAA3] IESIEE 60°CE W 32 31457|(OF-12G, Jeiotech, Korea)o]
2~3% Yol FUthFig. 4(C)). o[d9] THgo] ad F4% ﬁ\—/\]zﬁﬂﬁ 100% PEG20005 o]-&-sto] A Sof a7gskglct
(Fig. 4D)). 1L A 2AIFHE] ghdo] Asto YX|st=S 3}t

dudo] 9EE A Fo| uEe gk=a] ulo] I 2E(H/ sliding microtome, Hacker, U.S.A)S o]8-5}0] Aj&s}g] o, whu o]
FAE 10-15 pwh B E% sHITHFig 5(A)). thao & §/45 9 23 55 Uy g Wk6lr] sl A4 8-S safranine
(1%)7} astra blue (0.5%)%2 E343t SFEHOR oF 127} HMSIGITE Saftanine> HE H5 Al2HE H2M0F2 QUA7|=
HhH, astrablue= 2] o] FAER] 2 EH Axd RES sigpdor JUAI7IRE Ax dd JEE PsH= vof
L-5o] HrKGirtner and Schweingruber, 2013). HAo] ¢k W2 A& T glycering AMHE-5to] #H] Z2tX(cover glass)=
Y hFig. 5(B)).

HU

233. §AZ 9 23} BEAEZ T

Mz B2He 93| 7| E}(leon TH/D5500 15-55VR 11 KIT)7} A2 E]o] § % 5t4 u| A(Eclipse 80i, Nikon, Japan)<
ARESRGlTE 2 dAFolA BAS 23 7H*]L BSN(CZ in Fig. 6)of|A BHHE 24 H5A2Y &(Xe in Fig. 6(A))7}
e 2 At 4T &5 TR FATHAA ° oY 21} /‘ﬂi 8o dojuhA] ¢k, 7H Fo
ARE 22F B8 AN HAL BEENE 2 A ostirhFig. 6(C)).

-

3. Zunt H ¥
Y HWRLKO5)¥} 15 :HMDLKO5) A 124 9] A& Ztirof| A 4af A 27 (traumatic resin canal)7} ¥ o] 4]
A% &5 BUEYo| B7Fsoh o]2dt o] f & 7t A oellA Bl FAF St 22 BEAE U 3ol
Sholel= 424 ogsto] A} EAo] 28ttt
3.1 @45 BF /ISt ke

]_

AF QJEQIZMIEL 45 2 2E(WRLK 02, WRLK 03)7} 054k QJEQIZh 35 45 2 3E(MDLK 02, MDLK 03, MDLK
04)2 49 28U0] FAF Lol A= of& ALt Aokt 2T 22(WRLK 01, WRLK 04)3} ol-5-AF A9z

- 413 -



Hye-Ji YOO - Jeong-Deuk JU - Jun-Hui PARK - Chang-Seob SHIN -+ Chang-Deuk EOM - Jeong-Wook SEO

B I(MDLK 01)2 959 591 59 490 A7 Bawgich. uhebd Uopihal ulE4t ARAZUTE] FHF BEL
= 49 1h59Y 20 7]%]-5}.5 Ao ZAE|ATHFig. 7). 4% 28U7IA] YoMk} n]5Ake] HARR == 717} 196.42} 204.79]
rt1 59 4971 AALEL 7b7) 271.89F 277302 2 Fol7} b Aoz 2AECHFig. 7).

ﬂrﬂ goptol Al BAF 25 B Auol] thy JEAZE, AR, e)7|chare g% BF AN
V7 49 24, 49 E, 59 22 3Rl lom(Park and Seo, 2000), AL} Sho 247k 49 F40) 44 “*O]O*E]{Seo
ef al, 2017). ¥ 9178 F3) FAAH UM YRALURE FHF BF AL SUR, 2702, Spizie v
7 Solel QRS ST} Sk A0 SRIEch uld 7197} T2y uhiel] ThE sle] 2AkE A4S B
WA G& 4% vlasks AL dd 71320 WYEA geth 28U 343 &5 A fol 8% JFF A %E
(Deslauriers et al., 2008; Gricar et al., 2007; Rossi et al., 2006; Seo et al., 2007; Thibeault-martel et al., 2008)7] wj&o],
A2 g Egote] Y A9 thE 5 w5 QIgich oA £3E A & X“Piiﬂ BT &5 Al
ZAL] A7 Al AU} o] §lTKSeo e al 2017) o] dAtol w2 A} 3] P B TAl = AiRRE
7F 2¥7F 13491 2009 ©f 7Hsieh 2 Aol A SlE ot YR AT 43 &5 A AL} 1964 f
7Fsdt Ao R ERIE o, o] Sho] Hl*?i X—.*&EOM Ak YEYZRO] AL FUT A Holl A e A7t
glol vl 84S & = GlSloL, ot R YA FARE 217} gjlEo] ojn] 2Ro1E AE FUsH A8 7k
A s

YoMt AL Ato] ALE STAL vFAEHE T AAo]A oF 30km HolA 9o} ARe] Lwol tha Fol7}
EAT Aolt). Yot Aelol g AT AULE ALE T LE 4L F Ao NE LeEojof T Aol

P>

32 BT ET TR L VI

dopik YRR F45 B TR 89 4Y(WRLK 01, WRLK 03)& A|Ze =, 8¢
(WRLK 02)0] &= =2l - 8). A GRS AV E 89 4U(MDLK 04)U7E 3 é%
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Estimation of the Optimal Periods for Planting and Felling Larix kaempferi Based on the Period of Its Cambial Activity
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